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REPORT TO CONGRESS ON INJECTION OF HAZARDOUS WASTE - ERRATA SHEET
As of 8/23/85

° Page 1I-2 - Paragraph after bullets

The number 193 should be 195.*

° Page I1I-4 - Right-hand column of "Operating Status of Class I.."

- The fourth set of numbers should be 2/2 instead of 4/3 (Californic
- The fifth set of numbers should be 2/2 instead of 1/1 (Colorado).
- The eighteenth set of numbers should be 81/31 instead of 79/31 (T3

° Page VI-18 - Third paragraph, second sentence

- Five should replace four.

° Section 1 of the attachments

- Partial and total counts should be disregarded**

° Section 6 of the attachments

- Six wells that did not inject in 1983 were included:
. Wells OB5, 16, 17A and OB4 at the Hercofina facility in NC:
. Well 1 at the Cominco America Inc. facility in TX:
Well 1 at the Monsanto Chemical Co., Chocolate Bajou facility
in TX; and
Well 1 at the Waste-water Inc. facility in TX.

° Last attachment - "Location and Status of Class IV Wells"

~ The order of the first and second page is inverted.*

~ Inadvertently two Class IV wells were left out. . These two
wells are located in California at the Cordova Chemical,
Aerojet Propulsion Laboratory Facility. They are CERCLA
clean-up wells and authorized in the UIC requlations.

* Corrected in prints after June 12, 1985

** Corrected in prints after July 15, 1985






Foreword

This report was prepared by the Office of Drinking Water
fram data gathered by the EPA Regional Offices and a contractor.
Analysis of the data and writing of the report was done by staff
of the Underground Injection Control Branch of the Office of
Drinking Water. The texts of the field reports were prepared by
the EPA Regional Offices after visits to the 20 sites and reviews

of State files.

The original Project Manager was Dr. Jentai

Yang who organized the effort and was responsible for the first

drafts of the document.
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EXECUTIVE SUMMARY

INTRODUCTION

This report was prepared to meet the reguirements of Section 701 of
the Hazardous and Solid Waste Amendments of 1984. This Section requires

that:

"(a) The Administrator, in cooperation with the States, shall
compile and, not later than 6 months after the date of enactment of
the Hazardous and Solid Waste Amendments of 1984, submit to the
Cammittee on Environment and Public Works of the United States
Senate and the Cammittee on Energy and Camerce of the United
States House of Representatives an inventory of all wells in the
United States which inject hazardous waste [hazardous wastes are
designated as such under the provisions of 40 CFR Part 261 of the
Resource Conservation and Recovery Act of 1976] . The inventory
shall include the following information:

ll(l)

ll(2)

Il(3)

"(4)

"(5)

l'(6)

"(7)

the location and depth of each well;

engineering and construction details of each well, including
the thickness and camposition of its casing, the width and
content of the annulus, and pump pressure and capacity;

the hydrogeological characteristics of the overlying and
underlying strata, as well as that into which the waste is
injected;

the location and size of all drinking water aquifers penetrated
by the well, or within a one-mile radius of the well or
within 200 feet below the well injection point;

the location, capacity, and population served by each well
providing drinking or irrigation water which is within a
five-mile radius of the injection well;

the nature and volume of the waste during the one-year
period immediately preceding the date of the report;

the dates and nature of the inspections of the injection well
conducted by independent third parties or agents of State,
Federal, or local goverrment;



"(8) the name and address of all owners and operators of the well
and any disposal facility associated with it;

"(9) the ident_fl cation of all wells at which enforcement actions
have been initiated under this Act (by reason of well failure,
operator error, groundwater contamination, or for other
reasons) and an identification of the wastes involved in such
enforcement actions; and

"(10) such other information as the Administrator may, at his
discretion, deem necessary to define the scope and nature of
hazardous waste disposal in the United States through underground
injection.

"(b) In fulfilling the requirements of paragraphs (3) through (5)

of subsection (a), the Administrator need only submit such information

as can be obtained fram currently existing State records and fram

site visits to at least 20 facilities containing wells which inject

hazardous waste." .

The report summarizes the raw data and is organized along the
following lines:

® A General information chapter contains information required by
paragraphs 1, 8 and 10;

© ° A chapter on Engineering covers the construction of the wells
and the informmation in paragraphs 2 and 6;

® The chapter on Hydrogeology covers paragraphs 3, 4 and 5;

° Information reguired by paragraph 6 is covered under Waste
Characteristics:; and

°® A chapter on Requlatory Controls covers paragraphs 7-and 9.

The raw data containing the information requested in paragraphs 1
through 10 of Section 701(a) is attached as an appendix. Field reports
fram the 20 facilities visited are available and may be obtained by
contacting the Project Manager, Mr. Mario Salazar, in the Office of
Drinking Water, U.S. EPA, or through the appropriate Regional office.
A list of these facilities appears in Chapter I.



BACKGROUND

Disposal of waste by underground injection started in the oil
fields in the thirties as an alternative to surface disposal of produced
brines. Disposal of industrial wastes in injection wells started in
the fifties. It was considered a method to isolate wastes (that could
not be easily treated) from the accessible enviromment by placing them
into deep formations where they would remain for geologic time.

The practice was premised on simple hydrogeologic principles. In
several areas of the United States, the basement rock is covered by up
to 20,000 feet of sedimentary rocks, which have been deposited over
millions of years and have remained relatively undisturbed. These
rocks are stratified, and the many layers vary with regard to camposition,
structure, permeability, and porosity both vertically and laterally.

They also contain water whose camposition changes with depth. Generally,
the concentration of total dissolved solids (TDS), increases with

depth. Usually water is considered potable when it contains less than
500 mg/1 TDS, while the upper limit for irrigation and stock watering

is 2,500 to 3,000 mg/1 TDS. (EPA protects water with a TDS content of
10,000 mg/1 or less since there is evidence that this water can be used
as a potable source after treatment.) By way of camparison, brines
associated with oil and gas production generally contain 30,000 to
100,000 mg/1 TDS, and seawater generally contains 35,000 mg/1 TDS. The
fact that there are these large differences between the composition of
surficial and deep water indicates that the various impermeable strata
act as barriers to the upward movement of the deep saline water. It is
sedimentary rocks with sufficient permeability, thickness, depth and
areal extent which best serve as injection zones. The location of such
thick sedimentary sequences (in the Gulf Coast and Michigan Basin, for
instance) is one of the factors controlling where deep well injection can
occur.

The engineering of injection wells was based on oil-field technology
and was developed further by major caompanies to dispose of their specific
waste streams. A typical injection well is several thousand feet deep
and injects wastes into highly saline permeable injection zones. The
well consists of concentric pipes (figure 1). The outer pipe or surface
casing usually extends below the base of usable water and is cemented
back to the surface. Two pipes extend to the injection zone, the long
string casing which is also usually cemented back to the surface, and
within it the injection tubing. It is through the tubing and perforations
at the bottam of the long-string casing that waste is injected. The
space between the tubing and the casing (called the annulus) is closed
off at the bottam by a device called a packer, which keeps injected
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fluids fram backing up into the annulus. This annular space is
typically filled with an inert, pressurized fluid. The inert fluid
is kept at a higher pressure than the injection pressure in the
tubing to prevent escape of the waste into the annulus if a leak
should occur. Capping the well is the wellhead, which contains
valves and gauges to control and monitor injection.

The practice of underground injection came under Federal control
in 1974 when the Safe Drinking Water Act (SIWA) was enacted. In
order to ensure the protection of the Nation's underground sources
of drinking water (USIWs) fram improper injection of fluids, Congress
established the Underground Injection Control (UIC) program in Part
C of the Act. The law required that the Agency set minimum standards
and technical requirements which the States were to adopt in order
to assume primary enforcement responsibility (primacy). The salient
points of the regulations adopted in 1980 are as follows:

° They define underground sources of drinking water (USDWs) as
all aquifers containing water with less than 10,000 mg/1 TDS.

They categorize injection wells into five classes. Class I
wells inject hazardous and non-hazardous waste below the
deepest USDW. Class II wells are used in conjunction with

oil and gas production and include the vast majority of
injection wells. Class III wells are used for the extraction
of minerals in solution mining operations. .Class IV wells
inject hazardous wastes into or above USDWs and are banned.
Class V wells are nonhazardous waste injection wells that do
not fit into the other four classifications. Class I hazardous
waste wells are the focus of this study.

They adopt the definition of hazardous waste pramulgated in
40 CFR Part 261, pursuant to the requirements of the Resource
Conservation and Recovery Act (RCRA).

They establish minimum technical requirements designed to
ensure that the waste will be injected in the proper horizon
and remain there.

These requirements include:

- siting (in areas free of faults, with adequate
confining zones):;

- construction (requirements for casings, tubing and
packer, cementing, logging and testing):



- operation (fracturing of the injection zone is prohibited);

- monitoring (including periodic testing of the integrity of
the well) and reporting; and

- plugging and abandomment (including financial responsibility
demonstration).

For a State to have a Federally approved UIC program, it must meet
these minimum regulatory standards. Proper oversight by EPA guarantees
that these standards are implemented. Wwhere EPA implements the UIC
program in a State, the Agency has to follow these same minimum standards.
As of March 18, 1985, 32 Statesl/ had primacy for Class I wells, and
EPA has started to implement the program in 25 States.

In response to Congressional and Agency preliminary directives,
the Office of Drinking Water in 1983 began examining Class I wells which
inject hazardous wastes. During August and September of 1983, a task
force with participants fram EPA Headquarters and the Regions visited
20 hazardous waste injection facilities with 59 wells and obtained
detailed information on surrounding ground-water usage, wastes injected
and the regulatory controls applied to these wells. In addition,
information on the rest of the existing Class I hazardous waste injection
facilities was obtained from State and EPA records by EPA Regional
personnel and a contractor. Questionable information was verified by
contacting the campanies and asking for a voluntary review of the data
originally obtained fram EPA and State files. Response to the verification
effort was approximately 70% (68 responses out of 94 requests).

RESULTS OF THE INVENTORY

Nationwide, this inventory has identified 112 facilities which
inject hazardous wastes through 252 Class I wells. Ninety of these
facilities were active and injected hazardous waste into 195 wells
during 1984 (only 181 wells were operating in 1983). The other 57
wells (out of the 252 total) were inactive. Of the 195 active wells,
152 operated continuously and 43 intermittently. Of the 57 inactive
wells, 41 were abandoned, 3 were shut-in or in the process of changing
type of operation, and 13 had a permit pending or were under construction.

1/ “sStates" are defined in the SDWA as the 50 States, District of
Columbia, Puerto Rico, Virgin Islands, Guam, Samoa, Trust
Territories and Northern Marianas.



Active hazardous waste injection wells are found in fifteen States.
The vast majority of the wells are located along the Gulf Coast and
near the Great Lakes. Louisiana and Texas alone account for 66% of the
wells. Other States with sizeable numbers of hazardous waste wells are
Michigan, Indiana, Ohio, Illinois, and Oklahama. These two areas, the
Gulf Coast and Great Lakes regions, have similar historical and geological
backgrounds. Historically, these States have had experience in underground
injection due mainly to oil and gas related activities, which have
provided abundant data on deep formations. Geologically, formations in
these States are amenable to efficient injection. Another cammon
characteristic, though not exclusive to these two regions, is that both
are highly industrialized.

Most of the wells were drilled between the mid-1960's and the
mid-1970's. There has been no significant increase in the rate of
construction of new wells since 1980.

The biggest user of Class I HW wells is the chemical industry.
Manufacturers of organic chemicals account for 44.1% of the wells and
50.8% of the volume. The petroleum refining industry accounts for 20%
of the wells and 25% of the volume. Other chemical manufacturers
(agricultural, inorganic and miscellaneous) account for 17.5% of the
wells and 12.6% of the volume. The metals and minerals industry
accounts for 8.2% of the wells and 5.8% of the volume. The aerospace
industry accounts for 1% of the wells and 1.5% of the volume.

Only 4.4% of the total injected volume is handled by cammercial
waste disposers with 9.2% of the wells (18 wells at 13 facilities).
They are classified as "off-site wells" because they inject hazardous
waste which has been generated at other locations. The waste must be
accampanied by a manifest under RCRA.

Hydrogeolagy

Nationwide, most of the HW injection wells (76%) inject -into sand
and sandstone formations, 14.3% inject into limestones or dolamites,
and the remainder in shaley sandstones (9.7%). In all cases, the
injection formations are unusable as potential future mineral resources
or as potable water sources. Many (42.7%) of the confining zone lithologies
are shale, followed by shaley sandstone (20.8%), shaley limestone .
(10.0%), and other (26.5%).

The average depth of all hazardous waste injection wells fram the
ground surface down to the top of the injection zone was found to be
4,063 feet. The depth fram the ground surface to the bottam of aquifers
containing water with 10,000 mg/1 TDS averaged 1,179 feet. There is an
average separation between injection zones and USDWs of approximately
2,925 feet.



Same information on the location and names of all water well
owners within a five-mile radius of injection wells was obtained,
although the information was not camplete because it is not regularly
required by State agencies in reviewing well pemmit applications and so
is not readily available. Much of the information was obtained indirectly,
for example, by identifying residences on a county map. The number of
known water wells within a five-mile radius of the facilities visited
varied fram 1 to 2,764 wells.

Engineering

Information on the engineering characteristics of HW injection
wells was relatively camplete because the States usually require very
specific information on the design and construction of the wells before
a pemit is issued. Information was received on 99% of the HW wells.

Casings: All of the wells were found to have at least two casing strings
and 46% have three strings. Decisions concerning the selection
of the casing depend on the hydraulic loading of the well,
intermal and external pressures, axial loading (tension and
canpression), temperatures, and corrosion action of the environ-
ment. In over half the wells the material used for casing is
steel with a yield strength of 55,000 psi (J-55). Other
materials used are J-80 steel, fiberglass, fibercast, stainless
steel and others.

In every case, the wells are cemented fram the surface to
below the base of the lowermost USDW and fram the injection
zone trough the overlying confining zone. In addition, 88% of
the wells are cemented for their entire length in at least one
string. :

Tubing: The materials used in 94% of the wells were designed to be
resistant to corrosion caused by the injection fluid. There
is no information available on the remaining 6%. Tubing
materials found were: steel 66%, fiberglass 13%, fibercast
10%, stainless steel 5% and unreported 6%.

Annulus and Packer: Mechanical packers were found in 93% of the wells
and fluid seals in 7%. Fluid seals isolate the annulus by
maintaining a line of equal and opposite pressure between the
injection and annulus fluids.



Mechanical Integrity Tests and Monitoring

For most wells, continuous monitoring of the volume and the injection
and annulus pressure provides information as to the operation of wells.
However, other tests are required before injection begins and every
five years thereafter to confirm the integrity of wells. These tests
are generically known as "mechanical integrity tests" (MITs). Every HW
well visited had been tested for mechanical integrity prior to beginning
operation to evaluate the soundness of the tubular goods (casing,
tubing, and packer). However, not all of the wells had been tested to
evaluate the soundness of the cementing jaob. Approximately 23% of the
active injection wells have been repermitted. The MITs, in States
which have started to repemit wells, have uncovered a few shortcamings
which could have potentially threatened USDWs. These shortcomings have
been or will be corrected before any damage is done to USDWs. Thus,
the MIT requirement is proving to be an excellent tool in identifying a
large number of mechanical defects and preventing contamination
of USDWs.

There are only a few HW injection facilities at which deep aquifers
are monitored since such wells became another possible pathway for
undesired upward migration, are difficult to site and are very expensive
to construct. At most of the facilities, monitoring is only done on
surficial aquifers that can be affected by surface facilities associated
with the injection wells.

Waste Characteristics

Information on both waste concentration and volume was obtained
for 108 of 181 active Class I wells injecting hazardous wastes during
1983. During 1983 the 108 wells disposed of a total of 6.2 billion
gallons of wastes, camposed of roughly 5.9 billion gallons of water in
which 228 million gallons of wastes were diluted. Extrapolating fram
the data on the 108 wells to the total number of active wells, out of
the 11.5 billion gallons estimated to have been injected in 1983, 423
million gallons were actual wastes while the remainder was water. Of
these 423 million gallons, it is estimated that 48% (203 million gallons)
are hazardous campounds. Even though hazardous waste constituents only
account for 1.77% of the total volume, under the RCRA definition, the
whole volume (11.5 billion gallons) is considered hazardous.

In this report, hazardous wastes are categorized as either acids,
organics, heavy metals, hazardous inorganics, or "other." Acids.may be
either inorganic or organic liquids with a pH equal to or less than
2.0. Heavy metals injected include chramium, copper and nickel, and



hazardous inorganics include selenium and cyanide. Organics consist

of those injected campounds which contained carbon. The "other" category
includes waste reported as chemical oxygen demand (COD), biochemical
oxygen demand (BOD) and total suspended solids (TSS) which because of
the lack of specific data were assumed to be hazardous. Acids and
organics were the prevalent wastes by volume, accounting for 41% and

36% respectively of the non-aqueocus hazardous components. Heavy metals
account for 1.39%, hazardous inorganics for .08%, and "other" faor

20.99%.

The Hazardous and Solid Waste Amendments of 1984 in Section 201(f)
are particularly concerned with the disposal of solvents (RCRA codes
F001, F002, F003, FO04 and F005), and dioxin-containing campounds (RCRA
codes F020, F021, F022 and F023). Hazardous waste codes were obtained
for wastes fram 89 active wells. In general, the information was
sketchy. Camnplete data (both RCRA codes and the amount injected) were
available for only 51 of the wells. Fram the information abtained, only
eight well operators reported disposing of the solvents. No wells were
reported to have been injecting dioxin-containing campounds.

The Amendments are also concerned with the disposal of the wastes
included in the "California list" (Section 201 (d)). The only wastes
on this list found to be injected were hazardous wastes with a pH less
than or equal to 2.0, and nickel in a concentration greater than 134
mg/l. Of the 181 wells which reported information on pH, 25% (35
wells) reported injecting acids with pH < 2, and one well was injecting
nickel with a concentration of 600 mg/l.

Enforcement actions

The information on non-campliance was obtained fram the surveillance
records of the States, but these records do not report whether the
cases were investigated under a Federally mandated UIC program or prior
to this. A total of 84 noncampliance incidents at 39 facilities involving
75 wells have been reported. Administrative violations accouhted for 50%
of these incidents and 50% (42 incidents) were related to construction,
design or operational problems. OQut of the 42 nonadministrative violations,
legal action was required in 10 cases, while the rest were corrected
through voluntaxy canpliance.l

Of all of the violations, in only .nine cases were there significant
prablems which could have resulted in contamination of USDWs. In five
cases, we have evidence that the release did not affect USDWs or if it
did, it was not caused by the well:

1 It was not clear in the State record whether legal action was taken in
response to major violations. In same cases major violations were
corrected through administrative or informal procedures.
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° Chemical Waste Management, an off-site facility in Ohio, did not
discover leaks in the bottam part of the longstring casing of
their wells until large amounts of waste were injected into a
shallower formation, which was separated from the bottam of the
lowermost USDW by more than 1,500 feet, 1,000 feet of which is
confining strata. This operational problem was detected during
mechanical integrity tests conducted to obtain information for a
UIC permit. The campany was fined $12.5 million for these and
other violations at the site. Five of the six wells at the site
have been repaired and the other may be abandoned.

° Leaks in the wells of the Chemical Resources, Inc., facility (off-site)
in Oklahana were discovered as a result of mechanical integrity
tests performed as part of the implementation of the UIC program.
The operator is now under State orders to repair the wells and is
subject to on—-going enforcement action.

° Rollins Envirommental Service (formerly CLAW) in Louisiana discovered
leaks in a well allegedly resulting from the former owner's (CLAW)
disregard for campatibility problems between the wastes, tubing,
packer, and casing. Rollins has repaired the leaks and is pursuing
legal action against CLAW.

. ° Sonics International operated a cammercial (off-site) facility at
Ranger, Texas. Due to shortcanings in the operation there was a well
blow-out. There was no ground-water contamination, and the site was
cleaned up, and the wells were plugged and abandoned.

° Browning Ferris in Lake Charles, Louisiana contaminated a surficial
aquifer at the site. The State does not believe the contamination
resulted fran injection but rather fram surface impoundments. The
State is investigating the cause.

In one case, a final determination has not been made:

° At the Hercofina facility in North Carolina, injected wastes leaked
fram the injection zone through the borehole into the Black Creek
Formation which contains water with TDS ranging fram <150 - >10,000
mg/l. Two injection wells have been plugged and abandoned and two
have stopped operating and are presently being used for monitoring.
The State is conducting an investigation.

Finally, in three cases, contamination of a USIW has been documented:

° At the Hammermill facility in Erie, Pennsylvania, apparently because
of excessive injection pressures, same of the injected waste migrated
through the injection zone and reached an improperly abandoned

well. The site, which was closed in 1975, is now on the "Superfund"
list for remedial action.
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° Shortly after Louisiana received primacy, a well at the Tenneco
site in Chalmatte, Louisiana was found to be leaking into one of
the lower USDWs (not considered potable). The contaminants consisted
of "sour water" refinery waste which had corroded through both
tubing and casing. The well was plugged and abandoned. Tenneco is
cleaning up the contamination by the use of recovery wells and
reinjection into the permitted zone through several new injection
wells.

The Velsicol Chemical Corporation in Beaumont, Texas violated its
pemit by injecting fluids with a lower pH than authorized. As a
result, injected fluids did enter an unauthorized injection zone
which contained formation water with a TDS content of 4,000 mg/1
TDS. Even though this formation is not considered a potential
source of drinking water, Velsicol is using the injection well to
clean up the contamination. In addition, wells were drilled and
approximately 1.5 million gallons of water were pumped out.

Of special note are the number of violations at off-site (cammercial)
facilities. Of the total 25 off-site wells, fourteen (56%) have been
in violation campared to sixty (24%) of the total 227 on-site wells.
Additionally, all three of the abandoned off-site wells had had a major
violation. The high percentage of non-campliance by off-site facilities
could be due to campatibility problems inherent in injecting many types
of waste in the same wells. It was also found that several of the
facilities were in violation because of the lack of adequate training
of the operator in regard to well operation.

FINDINGS

The inventory has shown that hazardous waste injection is not a
widespread practice, as only 15 States have active wells that inject
hazardous wastes. Another four States have wells that are no longer
injecting hazardous waste.

Hazardous waste wells are concentrated in the industrial areas
around the Great Lakes and the Gulf Coast. The geology of these States
lends itself to deep injection due to the existence of deep, permeable,
stable formations with thick and extensive confining zones. Because
oil and gas production also occurs in these areas, the States have
acquired considerable information on the regional geolagy and drilling
practices. This information, in turm, can be applied to properly
evaluate injection facilities.
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Based on the lithologies and separation, most USIWs appear to be
adequately separated fram injection zones. However, this study did
identify a few individual cases where the separations appear inadequate
and where repermitting decisions will lead to case-by~-case reconsiderations
and appropriate actions.

Most HW injection wells (81%) are located in primacy States. The
majority (129) of the active wells are in Texas and Louisiana.:- At this
time, Texas has a fu.u.'y' implemented UIC program. The rest of the

States are beginning implementation. However, repermitting of Class I
HW wells has been made a priority in all States.

In addition, the implementation of the UIC program has produced
data which further increases a State's ability to evaluate hazardous
waste injection. Repemmitting of hazardous waste wells and the associated
mechanical integrity tests have identified shortcamings. As a result,
these shortcamings have been corrected and USDWs protected. This
experience has increased the State's and EPA's knowledge of underground
injection and ability to properly implement the UIC program.

Same of the facilities visited have gone beyond the current requirements
in order to insure safe injection:

Most facilities pretreat the waste to avoid down-hole problems
such as plugging of the injection formation or 1nteract10n of
incampatible waste streams.

Same facilities have installed autamatic shut-off systems which
stop injection when certain monitored parameters reach specific
levels.

Certain facilities which inject acids into limestones have developed
special operating techniques to prevent well blow-outs or other
problems associated with this type of injection.

LOOKING AHEAD

The Hazardous and Solid Waste Amendments of 1984 have mandated the
ban of land disposal of hazardous waste unless the Administrator can
make a finding that the practice is protective of human health and the
enviromment. Injection of hazardous waste is one of the practices
affected by this ban.

In order to provide the technical information necessary for the
Administrator to make the required findings, the Agency has started an
extensive review of the practice. This review will try to establish
the adequacy of the regulations and may lead to regulatory changes
should the practice be allowed to continue.
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The Agency will also review whether the adequacy of confining
zones to prevent the movement of injection fluids outside the injection
zone can be clearly established. It is the ability of confining zones
to properlY isolate wastes which determines the suitability of the site
for injection. Once information on the injection and confining zones
is obtained, it can be analyzed and models reoresentative of the geolagy
can be employed. These models can provide a better evaluation of the
site with more assurances that vertical confinement exists.

We will also evaluate the extent of horizontal movement in the
injection zone away fram the well. Even though fluids injected into
deep formations move slowly (on the scale of inches per vear), EPA
needs to know the extent of this movement to further evaluate the
safety of the practice. Little empirical data exist on the long-term
movement of fluids in deep formations; however, experience with secondary
recovery of oil and gas shows that this movement is not significant
once the driving force (pumping) is stopped. More studies will be
needed to confimm this.

Another important consideration that needs to be fully studied is
the chemical fate and transport of the waste in the injection formation.
Factors such as interactions of the waste with the injection formation
and chemical and physical gradients need to be evaluated.

Finally, we have not discussed Class IV wells as part of this
report. As the study evolved, only thirty-four such wells were identified
of which six are active (two are CERCIA clean~up sites), seventeen
are pemanently plugged and abandoned, and eleven are abandoned but not
vet plugged. Moreover, the UIC program banned such wells effective
December 1984 for most States, and in June 1985 for the remaining
States. The HSWA of 1984 also banned these facilities, effective May
1985. The practice is, therefore, limited and soon to be terminated.
Most States already ban the practice, and when Class IV wells are
identified in those States they are shut down. Accordingly, very
little data is available in State files.
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Chapter I

Background-History

1.1 Introduction

This report was prepared to meet the requirement of section 701
of "The Hazardous and Solid Waste Amendments of 1984". This section
requires EPA to prepare a report on the characteristics of wells which
inject Hazardous Waste (HW) in The United States. This chapter provides
a brief description of the relevant portions of the Underground Injection
Control (UIC) program and the background and methodology used to obtain
information for the report.

1.2 The Underground Injection Control (UIC) Program

The Underground Injection Control (UIC) Program was mandated by
Congress in Part C of the Safe Drinking Water Act (SDWA) of 1974 as
amended. The Envirammental Protection Agency (EPA) published final
technical UIC regulations on June 24, 1980. These regulations set
minimum technical standards which the States and EPA must follow in
implementing the UIC program. The UIC technical regulations can be
found under 40 CFR Part 146. The technical regulations were amended in
1982 to incorporate changes resulting fram litigation settlements.

The basic concept of the EPA UIC program is to prevent the
contamination of underground sources of drinking water (USIW)* by
keeping injected fluids within the well and in the intended injection
zone. Two categories of wells are identified by the UIC regulations
for injection of hazardous waste, i.e., Class I and Class IV. Class I
wells inject hazardous waste below the lowermost USDW and Class IV
wells inject into or above a USIW. Stringent requirements in the
requlations pertain to Class I wells. Class IV wells have been banned
and are required to be plugged and abandoned six months after the UIC
program becanes effective in a State. Furthermore, the Hazardous and
Solid Waste Amendments of 1984 have reinforced the ban by requiring all
Class IV wells to be plugged and abandoned by May 8, 1985 (RCRA, Section
7010). Therefore, this study includes a detailed inventory of Class 1
wells, since 701(a) of the HSWA requires the Agency to inventory only
those wells... which inject hazardous waste (emphasis added); the ban
on Class IV wells means no such well may "inject" hazardous waste after
May 8, 1985. Nevertheless, for informational purposes, EPA has appended
the raw data on Class IV wells available to the Agency on the 34 active
and closed Class IV wells which have injected HW, that have been identified
during the preparation of this report. The Agency has placed a high
priority upon ensuring that all Class TV wells are closed and plugged
as required by the HSWA and EPA regulations.

* As defined in 40 CFR §144.3



There are five major ways in which injection practices can cause
fluids to migrate into USDWs. The technical requirements in the UIC
regulations are therefore, designed to deal with the five pathways of
fluid migration as described below:

(1) Faulty Well Construction

Leaks in the well casing or the movement of fluid

forced back up between the well's outer casing and

the well bore can cause contamination of USDWs.

The regulations require adequate casing and cementing

to protect USDWs and to isolate the injection zone.

The absence of significant leaks and fluid movement

in the space between the casing and the well bore must

be demonstrated upon well completion and at least every
five years thereafter by a "mechanical integrity test”, as
defined in 40 CFR §146.08.

(2) Improperly Plugged or Completed Wells in the Zone of
Endangering Influence:

Fluids from the pressurized area in the injection zone

may be forced upward through improperly plugged or

completed wells that penetrate the injection interval in

the zone of endangering influénce. These fluids may migrate
into USDWs. The UIC regulations require that all wells
penetrating the injection zone in the zone of endangering
influence be reviewed to assure that they are properly -
completed or plugged. Corrective action must be taken

if they are not completed or plugged to prevent fluids
migration. Newly abandoned wells must be plugged to

conform with EPA and Stata UIC procedures.

(3) Faulty or Fractured Confining Strata:

Fluid may be forced upward out of the injection zone
through faults or fractures in the confining formations,

as the result of injection. The UIC regulations require
that wells be sited so that they inject below an adequate
confining formation. Injection pressure must be controlled
so that fractures are not propagated in the injection zone
or initiated in the confining formation that could cause
the movement of injection or formation fluids into an
underground source of drinking water (USDW).



(4) Lateral Displacement:

Fluid may be displaced from the injection zone into
hydraulically connected USDWs as a result of the injection
pressure. The regulations require careful planning to
select the injection site to prevent such situations.
Information on the continuity of the injection and
confining zones must be considered when evaluating the
site, as well as the proximity of injection wells to
USDWs. Also faults and the distance from recharge areas
must be taken into account. Well operators must

control injection pressure and conduct other monitoring
activities to prevent the lateral migration of fluids.

(5) Direct Injection:

Some injection wells inject into or above USDWs. EPA
has banned all injection of hazardous waste into or
above underground sources of drinking water except for
wells associated with Federal activities designed to
clean up an aquifer.

As of March 18, 1985, 3Z States* had applied for and
received enforcement authority of the UIC program for Class I
HW wells. The Agency has promulgated %5 programs in States that
chose not to or did not obtain delegation of the UIC program for
Class I HW wells.

1.3 Hazardous Waste Well Assessment and Inventory

1.3.1 Need for the Assessment and Inventory -

In 1981, the Office of Solid Waste of EPA conducted a
survey of hazardous wastes management practices by sending
questionnaires to owners and operators of facilities who had

*"States” are defined in the Safe Drinking Water Act as the 50 States,
Puerto Rico, the Virgin Islands, the District of Columbia, Samoa, Guam,
the Trust Territories and the Northern Marianas (a total of 57).



notified the Agency that they handled hazardous wastes, pursuant

to notification requirements under the Resource Conservation

and Recovery Act (RCRA). The results of this survey were published
in "National Survey of Hazardous Waste Generators and Treatment,
Storage and Disposal Facilities Regulated Under RCRA in 1981"

(EPA 530/SW-84-005, April 1984).

The RCRA survey identified 87 hazardous waste injection
facilities used to dispose of an estimated 8.7 billion gallons
per year. As a result of the magnitude of volume of the waste
injected, the Agency started a limited effort to investigate
the characteristics of hazardous waste injection.

Almost concurrently, several bills were introduced in
Congress (S-757, HR 5959 and HR 2867) each of which required
EPA to prepare a report on hazardous waste injection practices.
On October 5, 1984, Congress passed the reauthorization of the
Resource Conservation and Recovery Act (RCRA). The amendments
in the reauthorization took the short title of "The Hazardous and
Solid Waste Amendments of 1984" and became effective November 8, 1984,
Included is the prohibition of injection of certain hazardous
wastes within 45 months of enactment, unless the EPA Administrator
makes a finding that such injection is not damaging to human health
and the environment. Another requirement is that EPA prepare a
report to Congress on hazardous waste injection (sectiom 701).
Section 701 of the "Hazardous and Solid Waste Amendment of 1984"
reads (verbatim):

"Report to Congress on Injection of Hazardous Waste.

(a) The Administrator, in cooperation with the States, shall
compile and, not later than 6 months after the date of enactment
of the Hazardous and Solid Waste Amendments of 1984, submit to
the Committee on Environment and Public Works of the United
States Senate and the Committee on Energy and Commerce of the
United States House of Representatives, an inventory of all
wells in the United States which inject hazardous wastes. The
inventory shall include the following information:

" (1) the location and depth of each well;
(2) engineering and construction details of each
including the thickness and composition of its

casing, the width and content of the annulus, and
pump pressure and capacity;
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(3) the hydrogeological characteristics of the overlying
and underlying strata, as well as that into which the
waste is injected;

(4) the location and size of all drinking water aquifers
penetrated by the well, or within a one-mile radius of
the well or within two hundred feet below the well
injection point;

(5) the location, capacity, and population served by each
well providing drinking or irrigation water which is
within a five-mile radius of the injection well;

(6) the nature and volume of the waste injected during the
one-year period immediately preceding the date of the
report;

(7) the dates and nature of the inspections of the injection
wells conducted by independent third parties or agents
of State, Federal or local government;

(8) the name and address of all overseers and operators of
the well and any disposal facility assoclated with it;

(9) the identification of all wells at which enforcement
actions have been initiated under this Act (by reasons
of well failure, operator error, groundwater contamination
or for other reasons) and an identification of the
wastes I1nvolved in such enforcement actions; and

(10) such other information as the Administrator may, in his
discretion, deem necessary to define the scope and nature
of hazardous waste disposal in the United States through
underground injection.”

(b) In fulfilling the requirements of paragraphs (3) through (5)
of subsection (a), the Administrator need only submit such information
as can be obtained from currently existing State records and from
site visits to at least 20 facilities containing wells which inject
hazardous waste.

(¢) The states shall make available to the Administrator such
information as he deems necessary to accomplish the objectives of
this section.”

Methodology

In preparation for the report required in the several bills



introduced, which culminated with the promulgation of section 701,
of the "Hazardous and Solid Waste Amendments of 1984", EPA
started gathering information in late 1983. 1In order to conduct
an in-depth assessment of hazardous waste injection wells, EPA
selected 20 facilities representing a cross section of geographic
areas, on-and off-site waste generation and mixed delegation
situations. These 20 facilities operate a total of 59 injection
wells with waste streams that cover a broad spectrum. The focal
points of this assessment study were facility design, siting,
construction, operation and maintenance of both above ground
facilities regulated under RCRA and below ground facilities
regulated under UIC. The existing Federal and State oversight
and enforcement programs were also assessed. These programs were
examined to determine if there were significant regulatory gaps.
Three (3) of the twenty facilities were subsequently found not to
meet the Class I hazardous waste definition and are not included
in this report.

EPA selected the 20 facilities based on a 1981 hazardous
waste injection well inventory compiled by the Office of Solid
Waste (OSW) as a result of the notification process under the
authority of the Resource Conservation and Recovery Act (RCRA).
(The 1981 inventory identified 87 hazardous waste injection
- facilities nationwide with a total estimated injection volume
of 8.7 billion gallons in 1981.) 1In order to investigate the
extent and impact of this practice, a coordinated effort between
the Office of Drinking Water, the Office of Solid Waste, EPA
Regions and States, was launched. Table I-1 lists the 20 facilities
selected for the detailed assessment. The current operating
performance of the injection wells was not used as a criterion
for the selection of these wells. Figure I-1 shows the location
of these facilities on the national map.

The facilities selected represent a sample size of over
20% of the total known hazardous waste injection wells in the
United States. Table I-Z portrays the various criteria that
the selected sites represent.

-Additional analysis on the facilities based on their age,
waste distribution, industrial category and depth of injection
zone/USDW separation was conducted in order to establish a firm
relationship with the data base of all hazardous waste injection
wells. The results of the assessment of the Z0 facilities and data
obtained on the other HW facilities are used to portray the
national picture of all the Class I HW injection wells.

Following the selection of the facilities, a field assessment
was conducted. EPA organized a technical task force which was
led by the Office of Drinking Water (ODW) in cooperation with
the Office of Solid Waste (OSW). The technical task force included
individuals in several disciplines such as geology, environmental



Table I-1

LIST OF CLASS I HAZARDOUS WASTE INJECTION FACILITIES VISITED

# Wells at
Region State Facility Name and Location Facility
ITX wv E.I.Dupont De Nemours* 1
Belle, West Virginia
v AL Stauffer Chemical 3
Bucks, Alabama
FL Kaiser Alumimum & Chemical 1
Mulberry, Florida
KY E.I.Dupont De Nemours Z
Louisville, Kentucky
MS Filtrol Corporation 1
Jackson, Mississippi
TN Stauffer Chemical** 4
Mt, Pleasant, Tennessee
v IL Allied Chemical Corporation 1
Danville, Illinois
Cabot Corporation Z
Tuscola, Illinois
IN Inland Steel 1
Gary, Indiana
MI BASF Wyandotte Corporation 3
Holland, Michigan .
OH SOHIO Chemical Corporation 3
Lima, Ohio
Chemical Waste 6
Management Incorporated
Vickery, Ohio
VI LA Rollins Environmental Services 1

Plaquemine, Louisiana

* State of West Virginia and Region II11 subsequently determined
that the waste injected by this facility does not meet the
RCRA definition for classification as a hazardous waste management
facility.

** State of Tennessee later determined that this facility does not
inject "hazardous waste”. TN has been granted authorfzation
under RCRA to make this determination,



LIST OF CLASS I HAZARDOUS WASTE INJECTION FACILITIES VISITED (cont'd.)

# Wells at
Region State Facility Name and Location Facility
Vi LA Shell 0il Company 12
Norco, Louisiana
oK Chemical Resources 1
Tulsa, Oklahoma
TX E.I.Dupont 10
Victoria, Texas
Empak, Incorporated 1
Deerpark, Texas
Gibraltar Wastewaters 1
Winona, Texas
Monsanto Company 4
Alvin, Texas
IX CA Rio Bravo Refining 1
Kern County, California
Total 14 20 : 59
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TABLE I-%

REPRESENTATIVENESS OF FACILITIES VISITED

# Visited
EPA . Facilities Visited Per State For % of Regional
Region State Primacy/Nonprimacy On-Site/Off-Site Region Total
III Wy 1 ' 1 1 100
v FL 1 1 5 71
AL 1 1
TN® i i
MS 1 1
KY 1 13
v MI 1 1 6 23
OH Z 1 1
IN 1 1
IL 2 2
\'A OK 1 1 7 9
TX 4 Y Z
LA Z i i
IX CA 1 : 1 1 . 25
Total 13 7 ‘ 14 6 20

% of National Total 17.8

* These two facilities were subsequently found to inject non-hazardous waste



and chemical engineering, geochemistry and hydrology. The assess-
ment task force was augmented by scientific and technical support
from the EPA Regional Offices and States respomnsible for the
selected facilities.

Visits to all the selected facilities took place during the
month of September 1983. Regional personnel participated in all
the visits and Headquarters ODW personnel accompanied them on 17
out of the 20 visits. An OSW representative also participated
in two of the visits. These site visits served to corroborate data
from State and EPA files and to make members from the task force
familiar with each site.

After the site visits, the Regional participants prepared a
facility report in the format in Table I-3 as recommended by
the task force. A compilation of the field reports from the
twenty facilities actually visited by EPA personnel is available
from the Office of Drinking Water or the appropriate Regional
Office.

Information on the hazardous waste facilities not visited
was obtained from EPA and State files and other miscellaneous
sources.

Upon review of the information obtained, it was compiled in
an electronic file for easy retrieval. Both the paper and
computer files were reviewed for missing information. Missing
data were identified and an effort was made to obtain them.

These efforts included direct contact with 94 hazardous waste
injection facilities to verify data obtained mainly from State
files. There was approximately 70% response to this verification
effort. Table I-4 gives a description of the quality of the

data obtained in the overall information gathering effort.

In order to answer questions posed in Section 701 of "The
Hazardous and Solid Waste Amendments of 1984, the information
obtained in the inventory and assessment was summarized under:
general findings: hydrogeologic environment; engineering charac-
teristics; waste characteristics; and regulatory controls. In
addition, the data obtained in the inventory and assessment have
been included in the appendices of this report. These appendices
have been organized in accordance with the specific informaticn
obtained to answer the questions in Section 701 of the RCRA amend-
ments.
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TABLE I-3

OUTLINE OF CLASS I HAZARDOUS WASTE INJECTION FACILITY REPORT
(OKE REPORT FOR EACH FACILITY)

Facility Identification

Summary

Introduction

Geologic and Hydrologic Environment
Well Design and Evaluation

Regulatory Controls (UIC, RCRA, NPDES)
Conclusions

Recommendations

References

Appendices (as needed)
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Information Collected

General Well Data

Geological Data
Geohydrology
ISDWs

Well Design
Construction
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Injection Data
WUagte Characterigtics
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Waste Concentration
Waste Volume

Well Testing

Monitoring Requirements
Injection Fluid
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Inspection and Surveillance
Noncompliance
Remedial Action

Permit Limitations

TABLE I - 4

HAZARDOUS WASTE INJECTION WELLS -- QUALITY OF DATA COLLECTED

Completeness

Accuracy

poor

s
24
[ I
L ]

hel
[#]

Comments

ey vems g~
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good Original permitting information not always
" available.

good Not always site specific.

fair Not well documented in files.

fair Not well documented in files.

good .

very good Cementing data not always accurate

very poor Not always accurate.

fair From RCRA forms, and verification effort,

fair RCRA codes not always available for

good injection,

good Partially documented in General Correspondence.

good From State officials,

onnd Nat far 4ndacrtdan wolle
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good From State officials, not well documented.

poor Not well documented.

poor Not well documented.

fair

good

poor Not available in State file.



As is to be expected in a limited information gathering
effort like this one, the data presented do not represent a
complete picture. As an example, table III-2, in page III-10
indicates that there is a wide variation in the thickness of
confining zones; however, there is not enough available information
on whether the thicker confining zones are more impermeable than

the thin ones. A site specific effort would be necessary to
ascertain this fact.
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Chapter 11

General Findings

2.1 Introduction

This chapter describes the general characteristics of
hazardous waste wells nationwide. Parameters considered are:

Well Operating Status;

Volumes Injected;

° Well Classes;

Type of Operation (on-site, off-site);
® Geographical distribution;

° Age of the Wells;

Users; and

Surface Facilities.

Additionally, the appendices contain tables showing the status;
the name and address (active); the type and the RCRA ID numbers for
the wells.

2.2 Well Operating Status

In the context of this report, the term "active well” is
used to describe a hazardous waste (HW) well which is operated
either continuously on a regular schedule, or on an occasional
or intermittent basis and for which there are no extensive
shut-ins or workovers.* This category includes all intermittent,
back-up and standby HW wells, provided that they are in operational
condition. “Abandoned well” is a HW well whose use has been
temporarily or permanently discontinued, including any well
that has ceased HW injection or is plugged and abandongd.

"Other” refers to any HW well which has been permitted but not
yet drilled, a well under construction, a completed well not

yet injecting, or a well with a permit pending. “Shut in" refers
to a well that is indefinitely shut in for repair or for other
reasons.

Nationwide, there are 11z facilities, identified by this
inventory, that have a total of 257 wells that fall into one of
the categories mentioned above. Ninety of these facilities
injected hazardous waste into 195 wells during 1984, with 152
operating continuously and 43 operating intermittently. The
balance of the 752 wells (57 wells)are inactive, either abandoned
(41); shut in or in the process of changing type of operation
(3); or with a permit pending or under construction (13).

* “active” and "Active I respectively In the appendices



2.3

2.4

The States with the largest number of active HW wells are:
Texas with 69; Louisiana with 60; Ohio with 14; and Michigan
with 11. Figure II-1 gives the percentages of wells in each
operational category. Table II-1 gives the total number of
wells and facilities in each of the operational categories for
each State.

Volumes Injected

A total of 144 wells reported actual injection volumes in 1983.
The volume injected in the 144 wells in 1983 was 8.309 billion
gallons. An additional 37 wells were active in 1983, but they did
not report volumes injected. The volume injected for these additional
37 wells was calculated from the reported injection rate. This
calculated volume was then corrected by multiplying by 0.73 which
was the ratio of the reported volume vs. the volumes calculated
from the injection rate for 114 wells. (These 114 wells reported
both injection volumes and injection rates in 1983.)

To summarize:

° Volume reported for 144 HW wells 8.309 billion gal.
° Volume computed for 37 wells [4.425 billion gal.]
° Corrected by multiplying by 0.73 +3.230 billion gal.

o

Total reported and computed for 181* wells 11.539 billion gal.

A comparison of design vs. reported volume in 93 out of the 195
active wells indicate that only 29% of their capacity is being used
This would indicate that the total capacity of all HW injection wells
is approximately 40 billion gallons per year.

Well Classes

As explained in Chapter I, Class I by definition includes
HW wells that inject into deep formations which are below USDWs;
Class IV refers to those HW wells that inject into or above
USDWs. The UIC Regulations apply very stringent standards to
assure that Class I HW wells do not contaminate USDWs and ban
Class 1V HW wells.

* Only 181 wells were active in 1983. An additional iZ wells resumed
or started injection in 1984,
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STATE
Alabama
Alaska
Arkansas
California
Colorado
Florida
Illinois
Indiana
Kansas
Kentucky
Louisiana
Michigan
AMississippi
North Carolina
Ghio
Oklahama
Pennsylvania
Texas
Wyaming
TOTALS

OPERATING STATUS OF CLASS I HAZARDOUS WASTE WELLS
AT FACILITIES IN THE UNITED STATES (AUGUST 1984)

ACTIVE
FACILITIES
TOTAL
1

1

TABLE II-1

ACTIVE  ABANDONED
WELLS WELLS
TOTAL TOTAL

2 1
1 0
4 1
2 0
0 0
4 0
6 0
8 5
5 2
2 0
60 5
11 11
1 0
0 4
14 1
6 1
0 3
69 7
0 o
195 a1

* Total includes inactive and active facilities

OTHER
WELLS
TOTAL

0

WELLS/
FACILITY
'IUTAL*“‘**
3/1
2/1
5/3
4/3
1/1
4/2
6/4
13/10
7/2
2/1
71/28
22/10
1/1
4/1
15/5
8/6
3/1
79/31
A

252/112

** Since there are same "inactive" wells in "active" facilities, for the
sake of clarity a separate column for facilities where there are inactive
(abandoned, others) wells has not been included.
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ESTIMATED VOLUME OF HAZARDOUS WASTE INJECTION IN THE UNITED STATES IN 1983

TABLE 1I-Z

REPORTED COMP UTED* TOTAL

INJECTED NUMBER INJECTED NUMBER INJECTED NUMBER

STATE VOLUME OF WELLS VOLUME OF WELLS VOLUME OF WELLS
Alabama 51,473,408 Z - - 51,473,408 2.
Alaska 8,048,250 1 - - 8,048,250 1
Arkansas 7,379,436 Z 360,826,502 Z 368,205,938 4
California 1,330,390 1 - - 1,330,390 1
Florida 756,200,000 4 - - 756,200,000 4
Illinois 86,114,740 3 114,791,040 Z 200,905,780 5
Indiana 136,192,259 6 50,125,421 1 186,317,680 7
Kansas 497,700,000 5 - - 497,700,000 5
Kentucky 73,300,000 2 - - 73,300,000 Z
Louisiana 2,766,206,012 47 1,1493822,124 8 3,916,048,136 55
Michigan 153,033,000 6 122;902,940 5 275,935,940 11
Mississippi 130,000,000 1 - - 130,000,000 1
Ohio 327,789,305 10 70,940,862 4 393,730,167 14
Oklahoma 399,761,740 5 188,697,600 1 588,459,320 6
Texas 2,919,371,045 49 1,171,595,618 14  4,090,966,663 _63

TOTAL 8,308,899,565 144 3,229,702,107 37 11,538,601,672 18 1%*

* These volumes have been computed from reported average injection rates and corrected by a factor of 0.73
This factor was determined by comparing actual volumes to volumes computed from reported injection rates

for 114 wells

** Fourteen wells that were not "active" in 1983 started or resumed operation in 1984.



Table II-1 gives the location of and operating status of
Class I HW wells that have been identified nationwide. There
are five wells, three in Pennsylvania and two in Califormia,
which are or will be used to restore aquifers under the Compre-
hensive Envirommental Response Compensation and Liability Act
(CERCLA). These wells are technically Class IV wells but are
authorized under a special exemption. They are mentioned here
because they will continue to operate legally.

As indicated by Table II-1, 195 active Class I HW wells
in 90 facilities* have been identified in 15 States.

2.5 Type of operation

In the course of the HW well assessment and inventory, it
was observed that 90.1% of the wells were owned and operated by
the waste generators themselves and were located at the site of
the generating facility. These wells have been classified as
"on-site” wells. Commercial wells operated by persons who
collect service fees for the disposal of the waste and which are
located at places other than the waste generating facility are
classified as "off-site” wells. A total of 25 HW wells in 16
facilities have been identified as off-site; 18 of which are
active. The remaining seven were either abandoned or in the
process of being built or recompleted. The "off-site” wells
have special characteristics which make them more susceptible to
problems -and they account for an inordinate mumber of violatioms.
Chapter VI lists the violations and Chapter VII gives some
‘possible reasons for them. Table II-3 and Figure II-Z shows the
number of off-site wells and facilities for each State. The
total volume injected into these wells is 4.1% of the total
estimated volume.

2.6 Geographic Distribution

The great majority of AW injection wells are located in the
Gulf Coast and Great Lakes states. Figure II-3 shows the number
of active HW wells in each state. The siting of HW wells in a
certain region of The United States follows the same historical

-~

* As of the time of this report decisions are being made as to the
classification of a small number of wells. Furthermore, there is the
possibility that the well classification of several of the wells
listed may change due to the fact that well classification is a
derivative function that depends on RCRA regulations and State de-
terminations (where applicable).

1I-6



Table II-3

OFF-SITE WELLS AND FACILITIES IN EACH STATE

ACTIVE OFF-SITE INACTIVE OFF-SITE TOTAL OFF-SITE
STATE WELLS FACILITIES WELLS FACILITIES WELLS FACILITIES
Alaska 1 1 1 1 Z 1
California 1 1 0 0 1 1
Louisiana Z Z 0 0 Z Z
Ohio 5 1 1 1 6 1
Oklahoma 1 1 0 0 I 1
Texas _8 o s 4 13 10

18 13 7 6 25 16*

* There are both active and inactive wells at some off-site facilities

11-7
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FIGURE 1.2

ON-SITE & OFF-SITE ACTIVE WELLS

# OF WELLS
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FIGCRE II-3

DISTRIBUTION OF ACTIVF CIASS I HAZARDOUS WASTT INJDCTION WELLS (1984)
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2.7

2.8

and geological pattern. The States with the great majority of

wells Texas, Louisiana, Ohio and Michigan have had similar

historical and geological backgrounds. Historically, these

States have had experience in underground injection due mainly

to oil and gas related activities. Geologically, there are

formations in these States which are amenable to efficient injection.
Another common characteristic, although not exclusive to just these two
regions, is that both are highly industrialized.

Tables II-1 and 1I-2 give the geographical distribution of
the 195 HW wells that were active in 1984 by state and estimated
volume of injection for 181 wells that were active in 1983, re-
spectively. These tables demonstrate that 66.0% of all active
identified HW wells are located in just Z States, Texas and
Louisiana, and that thev account for 69.4% of the total estimated
volume of hazardous waste injected in 1983.

Age of Wells

The use of wells for injection of hazardous waste is a
relatively recent development. Figure II-4 is a grapkic
representation of the distribution of the drilling date for all
HW wells. The earlier HW wells were generally drilled to serve
other purposes such as oil, gas or water production and were
converted to injection wells at a later date. The majority of
the wells were drilled in the mid 1960s to the mid 1970s, with
most of the injection commencing in the 1970s.

The annual growth rate of HW wells has gradually declined
in the past decade. The average annual growth rate for the
period from 197Z to 198Z was 6.5% per year. This is equivalent
to a projection of 15 new wells for 1984 and 17 for 1985, based
on the current HW well population of Z48. The biggest yearly
increases in the well population were found in 1969 and 1973-1975,
possibly as a result of the implementation of the Clean Water
Act.

Users of HW Wells

The type of industries using HW wells are listed in
Figure II-5 according to their contribution to the estimated
total volume injected. The typical user of wells for injection
of hazardous waste is a large industry which produces large
volumes of low concentration waste. The original financial
investment is very high and requires continuous operation of
the well, in most cases, to be economically feasible.

II1-10



Figure II-

HW WELLS
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FIGURE I11I-5

INDUSTRIES ACTIVELY USING HW WELLS
VOLUMES INJECTED (TOTAL VOLUME 11.5 B®
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Figure 116
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Figure II-5 clearly shows that chemical industries generate
most of the injected hazardous waste in the country. Table II-4
gives the distribution of HW injectors by industrial category.
The largest user, E. I. DuPont, with 31 HW wells, alone accounts
for 1.5 billion gallons per year or 13%Z of the total volume injected.
Chapter V of this report addresses the type and quantity of hazardous
waste injected underground. Figure II-6 gives the percentage of
wells used by each type of industry.

Surface Facilities

The Office of Solid Waste in EPA has jurisdiction over all
surface facilities located at HW well sites. These facilities
are regulated under RCRA.

In April 1984, EPA's Office of Solid Waste released the
findings from an extensive survey of hazardous waste generators
and treatment, storage and disposal (TSD) facilities regulated
under RCRA in 1981. Survey results estimated that 4,818 facilities
treated, stored, or disposed of hazardous waste in RCRA regulated
processes. Hazardous waste storage was the most prevalent
management activity regulated under RCRA. Out of 4,818 facilities,
4,299 were estimated to have stored hazardous waste, an estimated
1,495 facilities treated hazardous waste and only about 430
facilities disposed of hazardous waste. Eventhough underground
injection is not a widespread practice (it is only practiced in
15 States), it is the method used to dispose of the largest volum
of hazardous waste.

Figure I1I-7 summarizes the various surface facilities
existing at the hazardous waste underground injection sites.
The sum of the various processes exceeds the total number of
facilities due to the use of multiple processes at some of
these facilities.
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TABLE II-4

DISTRIBUTION BY INDUSTRIAL CATEGORY

Estimated Percent

Industrial 1983 Injection of Total

Category Volume (MGY) Annual Volume
Organic Chemical 5,868 50.86
Petroleum Refining 2,888 25.03
& Petrochemical
Products
Miscellaneocus 687 5.95
Chemical
Products
Agricultural 525 4.55
Chemical
Products
Inorganic Chemical 254 2.20
Products
Cammercial 475 4.12
Disposal
Metals and 672 5.82
Minerals
Aerospace & 169 1.47
Related
Industry i
Totals 11,539 (MGY) 100%
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